I. Introduction.
Since the discovery by Held (1897, 1902) of the boutons terminaux in the central nervous system, and the confirmation of this discovery by Auerbach (1899) and Cajal (1908) , the function of these structures as synapses has gradually come to be recognised. The present study is an attempt to reinvestigate these boutons and their relations to nerve cells in the cat; and also to observe the changes they undergo following section of the nerve fibres of which they are the terminals, II. Technique.
The silver methods of staining the nervous system have been often criticised in that they did not give consistent results. It is believed that this is due, partly at least, to imperfect fixation. Nervous terminals of the grey matter are highly susceptible to post-mortem destruction, and with the ordinary method of placing small pieces of tissue into a quantity of fixative, it is quite likely that changes occur in the finest fibres and their terminals before they are fixed. Further, it has been found that the presence of blood in the capillaries of the grey matter tends to make the tissue refractory to the silver stain. In these studies, therefore, the method of injecting the fixative into the living animal has been used, with the result that in successful impregnations all of the intra-central nerve terminals have been stained. This injection procedure is simple and easily carried out: the cat is anasthetised with pure ether, and a tracheal cannula inserted so that artificial respiration may be used if necessary. The abdomen of the supine animal is opened by a medial longitudinal incision, and the viscera pushed to one side; next, the two renal arteries, the inferior and superior mesenteric arteries, and the eceliac axis are clipped with haemostatic forceps. A cannula is inserted into the abdominal aorta at the point of its bifurcation, and a 10 per cent. solution of chloral hydrate in distilled water is injected towards the heart. At the same time, the inferior vena cava is opened anid injection continued until clear fixative flows from it. In practice, a cat of 2 kilograms requires about 150 C.c. of solution. The central nervous system is then removed immediately, cut into small pieces about 1 cm. thick, suitably labelled, and put into a large excess of 10 per cent. chloral hydrate for 24 hours. The pieces are next treated according to Cajal's formula (6A) (Bolles Lee, 1928). They are kept in 96 per cent. alcohol with 7 drops of ammonia per 100 c.c. for 24 hours; they are then blotted dry and incubated for 6 days at 37? C. in 1*5 per cent. silver nitrate in distilled water. It was found beineficial to change the silver nitrate after 3 days; also, care must be taken to use chemically clean glassware, pure distilled water, and to see that no metal comes irnto contact with any of the solutions.
Before being reduced in 2 per cent. aqueous solution of hydroquinone, the pieces are washed in running distilled water. The time of washing is important, and it was found that with pieces of 1 cm. thickness one half-hour of washing was sufficient. Reduction is complete in 24 to 48 hours; the pieces are then dehydrated, embedded in paraffin wax, and sectioned at 15 V.
Successful preparations have a purple tinge; the nerve cells are red to purple with the intracellular neurofibrils darldy stained and the nuclei standing out sharply in a lighter shade. The nucleo]us is yellow to brown. In the white matter, the axis cylinders are purple to black, while the medullary sheath is dissolved away leaving an unstained space around each axis cylinder.
III. The Normal Synapse of the Cat.
A. Development.-In preparations of new-born kittens it is impossible to observe any boutons on any of the cells in the cord. In a series of such animals ranging in age from 1 day to 2 months, the first boutons were seen the twentyfirst day after birth. This confirms the observation of Windle (1930), who saw boutons in 12 to 21-day old kittens. In the author's preparations, the earliest type observed were the boutons de passage. It has not been possible to demonstrate continuity between the boutons and the intracelluLlar neurofibrils. As can be seen in fig. 11 , Plate 8, the boutons end freely on the cell-surface; often they are not orientated in the direction of the intracellular neurofibrils at all. In fig. 10 , Plate 8, which shows a cell cut through and a bouton applied to its suxface, there is no evidence of any connection whatever running from the bouton into the cell. Only one apparent case of fibrils proceeding from terminal boutoxus has been observed, fig. 8 , Plate 8. On carefully examining this bouton, it is seen that the small forked process coming from the loop does not enter the cell, and certainly has no connection with the intracellular neurofibrils. It is to be concluded that this is an abnormal type of terminal of very rare occurrence.
IV. Experimental Degeneration of the Boutons Terminaux.
A. Experiments on the Lumbar Enlargement.-With a view to determining whether boutons terminuax could be modified experimentally, a series of deafferented adult cats was aseptically prepared. With the cat under ether the afferent roots of the right fifth, sixth, seven-th and eighth post-thoracic nerves were severed central to the ganglia, outside the theca. The animals recovered, and were killed 24 hours, 29 hours, 43 hours, 48 hours, 3 days, 6 days, 9 days, 13 days and 44 days after the operations. The cords were fixed by the injection method previously described, stained according to Cajal, and serial sections of the lumbar enlargement prepared.
Examinations of these sections revealed that in a clearly defined region in the cord just dorsal and lateral to the central commissure, the area indicated by large dots in fig. 4A , the boutons showed pronounced changes. These 5 3 S by 3 ,.t, No. 3 is 5-6 p by 2 3 ,.t, and No. 6 is 6-1 p by 2-3 yt, while others are about 4-5 ,u by 1U5 ,u. Fig. 15, Plate 9, is a photograph of the same cell, and fig. 16, Plate 9 , is an enlargement showing some of its boutons. On one terminal in this photograph, the remains of the central fibril can still be seen, and, as in all stages, some normal boutons are present. After 4 days, many boutons are merely granular masses, and in the 6-day cats, terminals of ab-normal type cannot be seen. In these cords, the operated side shows a scarcity of boutons in the degenerate area, those which remain being the terminals of fibres not involved in the operation. As indicated in fig. 6 (P), the boutons de passage degenerate as well as the termninal boutons, following the same stages. The elongation and granulation a-re especially noticeable in them. During all the stages described, the cell bodies and dendrites of the abnormal area, although covered with degenerate boutons, were normal as far as could be ascertained by the silver method. The cells were unshrunken, the nuclei normal in shape and central in position, and the neurofibrils stained as in normal cords. It is concluded from this observation that there is no direct continuity between boutons terminaux and the intracellular neurofibrils. At least, the degenerative process ceases abruptly at the bouton and does not continue into the cell; one would not expect this result we:re there unbroken continuity.
B. Experiments on the Cervical Enlargement.-Another series of cats, deafferented in the cervical enlargement, was prepared. Results similar to those in the lumbar enlargement were obtained. Degenerated boutons became well marked in the mid-region of the grey matter on the operated side, and as was the case in the lumbar enlargement, they occurred in this region only; abnormal terminals were not found on ventral horn cells of the same side nor on any cells of the opposite side. The times of degeneration and the appearance of the terminals were the same as in the lumbar enlargement.
C. Longitudinal and Transverse Sections of the Cord.-In adult cats, longitudinal medial incisions were made in the lumbar region from the third to the sixth post-thoracic segments. These incisions completely severed the dorsal and ventral commissures, and in some cases cut into the grey matter of the right or left side. In other cats, transverse semisections were made in the lumbar region. In these cords, degenerating boutons were also seen. 'For instance, a cord was mediallv incised between the third and sixth postthoracic segments, the animal being killed 48 hours after the operation. Sections taken from the site of the lesions show cells upon which there are eiongated, enlarged and granular boutons, which appear similar to those seen in cords de-afferenited 3 days previously. In this case, degeneration was not restricted to any part of the grey matter, but was found on many cells near the lesions. In the senmisected cords, sections taken above and below the lesions also showed some degenerate boutons. Here, again, they are found to be very widely scattered in the grey matter. It is believed that these experiments confirm the view that the changes in appearance of the boutons are actually degenerations due to cutting their nerve-supply. D. Section of the Motor Roots.-The degeneration of boutons following deafferentation was found to be restricted to cells in the mid-region of the grey matter. This leads to the conclusion that afferent nerves do not end directly upon ventral horn cells. Neither do they cross to the opposite side. It is concluded that afferent fibres terminate by means of boutons upon the Cells of the mid-region, and that axones proceed from these to form synapses with other cells. The simplest type of reflex in the cord, therefore, involves at least two intra-central synapses and one internuncial neurone.
Some cells of the region of degeneration might, however, send axones directly to the motor root. In order to determine whether or not this were so, efferent or ventral roots of the cord were cut in cats, under the usual aseptic conditions, and Cajal preparations made after fixation by vital injection. Six days after the operation it was possible to identify the cells whose axones were severed. The nucleus of such a cell is eccentric in position, the protoplasm surrounding the nucleus fails to impregrnate, and the neurofibrils are not stained. Cells showing these changes were confined to the veiltral horn, and in no instances were such degenerations found in cells of the mid-region. It seems reasonable to coniclude, therefore, that the axones of cells in this mid-region do not leave the cord, and that they are purely associative in function.
V. Discussion.
It is concluded from these studies that the existence of boutons as actual structures cannot be denied. Although Tiegs (1926) was unable to demonstrate them in new-born and fcetal animals, and therefore supposed they did not exist, it is now known that boutons do not occur in new-born animals such as rabbits and kittens, which are relatively undeveloped at birth. Tiegs maimtained the view that " the fine collaterals that pass from the white matter into the grey matter, enter the dendrites either singly or in bundles, so that integration will occur within the body of the nerve cell, and not on a synaptic membrane which is applied to the nerve cell." He pointed out that defective staining methods resulted in vacuolation or frothing of the protoplasm at the point where a dendrite enters the cell. This gives an effect which he believed might be mistaken for a ramifying synapse.
The Hoff.
Proc. Roy. Soc., B, vol. 1.11, Pl. 9. qrFJ W::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FFig.;l:6*J: f:t, >0:<:0-tXS>0X;X:A::X=*:<f;t~~~~~~~~~~~~~~~~~~~~~~E Marui (1918) found terminals on Mauthner cells in his studies on the trout, but recognised the " end feet " as points where the dissolution of fibres occurred. Although there may or may not be specialised terminals on the nerve cells of fish, these criticisms have no bearing on present studies, where care has been taken to avoid post-mortem changes, while detailed examination with the binocular microscope revealed undoubted sharply stained loops at the ends of the finest nerve fibres. Granted that they exist, it may be questioned whether the boutons are nervous in nature. The points in favour of this view are the fact that they are demonstrated by staining methods specific for axis cylinders, and that they occur only at terminals of nerve fibres, or in the case of boutons de passage, along the length of nerve fibres. Finally, as these investigations show, the boutons degenerate when nerve fibres are cut.
Assuming that the boutons are actual ner-vous structures, it may be worth while to consider whether they are really synapses. The present studies confirm the observation of Cajal that the boutons end freely upon the cells and that there is no protoplasmic continuity between them and the intracellular neurofibrils as Held believed. In instanices where the cell-surface shrinks, many boutons pull away quite readily and there is no evidence at all of any process proceeding from them to the neurofibrils. Also, it is significant that degeneration following section of the afferent nerves does not extend beyond the bouton into the cell. 
